Background: Intra-abdominal hypertension (IAH) and abdominal compartment syndrome (ACS) are increasingly recognized as aetiologies of organ failure and mortality among a wide variety of patient populations. Since the first global survey in 2007, several surveys have been conducted. However, it remains unclear to what extent healthcare professionals in clinical practice are aware of the widely accepted definitions and recommendations proposed in the World Society of the Abdominal Compartment Syndrome (WSACS) guidelines and whether these recommendations are being applied clinically.
IntroductIon
intra-abdominal hypertension (iAH) and abdominal compartment syndrome (ACS) are increasingly recognized as risk factors for organ failure and mortality among a wide variety of patient populations. these conditions result in increased resource utilization and potentially an economic burden on healthcare resources [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Despite this, intra-abdominal pressure (iAP) measurements are not universally performed, even in those situations where evidence or expert opinion suggests that it may influence patient management and associated outcomes [6, 12] .
the Abdominal Compartment Society (the World Society of the Abdominal Compartment Syndrome -WSACS, www.wsacs.org) was founded in 2004 by an international group of clinicians in order to coordinate and promote research, education and awareness of iAH and ACS. An international survey conducted after the publication of the WSACS consensus definitions and recommendations in 2006-2007 revealed a lack of clinical awareness about iAH and ACS [12] . in particular there was an important knowledge deficit about iAH/ACS diagnosis and iAP monitoring. these guidelines were subsequently updated in 2013 and published as the 2013 WSACS iAH/ACS Consensus Definitions and Clinical Management Guidelines on iAH/ACS [6] .
Since the first global survey, several other surveys have been conducted, the majority of which focused on the awareness or knowledge of clinicians regarding these conditions within one geographical area, country, or specialty [13] [14] [15] [16] . it remains unclear, however, to what extent healthcare professionals in clinical practice are aware of the now widely accepted definitions and recommendations proposed in the WSACS guidelines. it is also unclear whether these definitions and recommendations are considered important, how and when they are applied, and whether clinicians perceive iAH and ACS to be significant in the management of their patients.
We conducted an international cross-sectional survey to determine the impact of the 2013 WSACS iAH/ACS Consensus Definitions and Clinical Management Guidelines on iAH/ACS clinical awareness and management among a multidisciplinary group of stakeholder clinicians. We also aimed to compare the results to the findings of the global survey conducted in 2007 to assess whether awareness had improved over time.
Methods

Design
We conducted a self-administered, electronic, cross-sectional survey of healthcare professionals working in critical care units across all continents. the study was approved by the University of Kwa-Zulu-Natal Research ethics Board and was conducted and reported according to recommendations for performing survey research. the survey was endorsed by the Abdominal Compartment Society (WSACS, www.wsacs.org), the european Society of intensive Care Medicine (eSiCM, www.esicm.org), and the Critical Care Society of South Africa (CCSSA, https://www.criticalcare.org.za).
Study population
the population of interest included intensivists and those performing a large majority of their work in critical care units but who were not necessarily qualified intensivists. this was necessary to include those countries in which patients are frequently cared for by non-intensive care unit (iCU) specialists. the population was largely contacted through their respective critical care societies.
Questionnaire development and testing
the questionnaire was developed by modifying a previously used questionnaire administered to critical care healthcare professionals in 2006-2007 [12] . the survey questionnaire was refined to incorporate current questions pertinent to the field using the existing literature and input provided by a team of experts. A team of experts consisting of published authors in the field, leaders in WSACS and critical care societies, and experienced intensivists, assessed the questionnaire's clarity, ambiguity, length, and completeness. the instrument was pilot tested on 10 intensive care specialists. the questionnaire focused on three main areas: demographics, knowledge and awareness of iAH and ACS, and clinical practice related to the subject (the final survey instrument is reported in the Appendix).
of WSACS guidelines remains low. There appear to be some practice changes and greater awareness of the need to monitor abdominal pressures. Future initiatives should focus on education, identifying which patients should receive routine monitoring, and incorporation of IAH and ACS care into ICU bundles and protocols already in existence.
Questionnaire administration
We first administered questionnaires by e-mail to all members of the supporting societies (eSiCM, WSACS, and CCSSA), as well as to all members of the Belgian intensive Care Society (SiZ, www.siz. be). Participants of the 8 th WCACS (World Congress on Abdominal Compartment Syndrome) meeting (June 2017, Banff, Canada) were also encouraged to complete the questionnaire. No reminders were sent after the initial emails. Links to the survey were also sent to the countries of WSACS representatives and further distributed to local critical care societies. e-mails explained the study purpose and invited potential respondents to participate by accessing a link to a secure, web-based survey. Consent was required in the electronic survey, in order to proceed to the questions. We were unable to personalize emails because we were not given access to email databases from the supporting societies. Respondent confidentiality was assured, and a random draw could be entered for a free registration to the 8 th WCACS.
Data analyses
We summarized categorical and continuous survey responses using counts (percentages) and medians (with interquartile ranges [iQRs]). the survey consisted of 53 questions (detailed in Appendix 1) -of these a total of 11 questions were classified as knowledge questions with one or more correct answers. Based on the results of these questions an average score for the correct answers could be calculated (expressed as a percentage). Subgroup analyses were performed based on country of origin, primary specialty, and whether the participant was aware of the WSACS or the previously pub-lished consensus definitions. All data analyses were performed using StAtA software version 15 (Stata Statistical Software: Release 15 (2017) . StataCorp LLC, 4905 Lakeway Drive, College Station, tX, USA). All tests were 2-sided, and we considered those resulting in values of P < 0.05 significant.
results
Respondent demographics
the survey had 559 respondents. Most respondents were physicians and resided in europe (table 1) .
As with the 2007 survey, the majority of respondents worked in mixed iCUs (87.3%; n = 448), with surgical iCUs being the next largest contributor (7.8%; n = 40). there were small contributions from medical (1.2%; n = 6), paediatric (1.8%; n = 9), trauma (1.4%; n = 7), and other iCUs (0.6%; n = 3) (table 2).
Number of ACS cases
the clear majority of respondents (93%; n = 486) had treated at least 1 case of ACS in the previous year. in keeping with the previous survey, most physicians (56%, n = 294) treated between 1 and 5 and 20% between 6 to 10 cases of ACS per year.
IAH and ACS definitions
the majority of respondents (73.2%) were aware of WSACS, but fewer of them knew about the WSACS guidelines (60.2% were aware of any guidelines and 55.5% were aware of the revision of the guidelines in 2013). However, this number was markedly increased from 28.4% in the 2007 survey (P ≤ 0.0001). there was an improved familiarity with iAH and its effects compared to the previous survey ( 
IAP measurement
A considerable proportion of respondents (18%) never measure iAP. the most common reasons for not measuring iAP were reliance on physical examination (39%; n = 38), a lack of knowledge (15.3%; n = 15), a perceived lack of patients with iAH (13.3%; n = 13), or due to expense (5.1%; n = 5) .
Practices to measure iAP in respondents who use it in practice (457/559) are presented in table 4. Regarding measurement of iAP in the open abdomen, 11.9% (n = 67) did not think it necessary to monitor iAP because they believed that the iAP would not increase. A further 25.2% (n = 141) did not measure iAP if the abdomen was open, while 23.8% would measure iAP routinely and 28.6% would sometimes take readings.
Perceptions regarding risk factors for IAH/ACS
Most of the respondents considered ACS to be important both in trauma (98.2%) and in medical patients (86.4%). Perceptions regarding risk factors for iAH/ACS are presented in table 5.
Knowledge and clinical practice of IAH, ACS and WSACS consensus definitions
to evaluate evolution of knowledge we analysed 11 questions where correct answers were defined based on WSACS guidelines and compared the results from 2007 to the current survey (table 6) .
the previous survey had 13 knowledge questions with 43.0% of these answers being correct. eleven of these were repeated in this survey. Analysis of these 11 questions showed that the first survey had 42.7% of questions answered correctly in comparison to 48.0% in this survey (P = 0.0001).
there were improvements in seven of the questions with declines in three others. One question did not show a significant change in either direction.
there were significant improvements in answers related to definitions, measurement of iAP, and basic iAH/ ACS knowledge. Declines occurred in the areas of intravesical measurement, criteria for abdominal decompression, and knowledge linked to the iAP at which organ dysfunction may occur. 
Treatment interventions
the responses on how physicians managed iAH and ACS were different to the previous survey. Diuretics appeared to be "usually" or "frequently" (49.2%) used more than inotropes (38.6%), decompressive laparotomy (37.0%), paracentesis (36.5%), and fluids/ blood products (24.2%).
Most respondents would perform/request a decompressive laparotomy in cases of ACS, with 64.4% specifying that it would be in selected patients. this is very similar to the findings in 2007 when 65% of respondents indicated that decompression would be preferred in selected cases only. this decision for a decompressive laparotomy was based on 5 pre- Other factors were also identified as influencing the decision to perform or request a decompressive laparotomy in a patient with known or suspected high iAP (tables 8 and 9).
the immediate surgical closure after initial laparotomy was predominantly by Bogota bag (31.1%; n = 173) or a commercial negative pressure wound device (25.0%; n = 139). Other closure techniques included skin only (5.2%; n=29) and a temporary mesh closure (4.5%; n = 25). Closure on subsequent laparotomies showed similar results with the Bogota bag (21.1%; n = 118), commercial negative pressure wound device (24.9%; n = 139), skin only (6.8%; n = 38) and a temporary mesh closure (7.3%; n = 41) . the most common mesh used was prolene/ Marlex (12.3%; n = 69) followed by vicryl/Dexon (11.4%; n = 64), Gore-tex (5.2%; n = 29), and Vypro (1.4%; n = 8) . Just less than half of respondents (43.6%; n = 224) had heard of the surgical technique of lateralisation of the musculature of the abdominal wall.
Other findings
Polycompartment syndrome was something considered by 39% (n = 218) in their daily practice, compared to 23.6% (n = 132) who did not incorporate it. A large proportion (36.3%; n = 203) had not heard of the concept, while 1.1% (n = 6) did not believe it existed. the concept of abdominal compliance was found to be useful by 56.5% (n = 312) of respondents, while a further 32% (n = 177) were aware of this concept, with a small number unsure about its clinical applicability. Only 11.4% (n = 63) were unfamiliar with this concept. Almost two thirds of respondents (63.5%; n = 355) thought that gastrointestinal injury should be added to the sequential organ failure assessment (SOFA) score, while a quarter (24.5%; n = 137) had not heard of gastrointestinal failure.
dIscussIon
Our survey aimed to determine the impact of the 2013 WSACS iAH/ACS Consensus Definitions and Clinical Management Guidelines on iAH/ACS clinical awareness and management [6] . Several areas of improvement were identified, while others remained as they were following the 2007 survey. the current survey was predominantly completed by doctors, with fewer nurses responding. the majority of responses came from europe, with much less participation from North America, but a greater percentage of total responses from Africa, South America, Asia and Australia. As with the previous global survey, the majority of respondents worked in mixed iCUs, followed by trauma, surgical, cardiac, and medical units.
Several areas of improvement were noted in comparison to the survey in 2007. More participants were familiar with iAH and abdominal perfusion pressure (APP). there was also an improvement in the awareness of the WSACS Consensus guidelines and definitions of 2006/2007. Likewise, knowledge of the WSACS initial consensus guidelines published in 2006 and 2007 had improved from 31% to 60% (P ≤ 0.0001). However, just over half were aware that these guidelines were updated in 2013 while 74% believed they should be translated into the respondent's native language. intensivists showed the greatest awareness of the 2006/2007 guidelines, followed by surgery, paediatrics, and medicine. Awareness of the 2013 update followed a similar pattern. However, after more than a decade of these guidelines being available, it is remarkable that despite an improvement in the overall awareness of iAH and ACS, only about two thirds of intensivists, surgeons and traumatologists responding to the survey were aware of these guidelines (table 7) .
there was also improvement in the set of 11 knowledge questions related to iAH, ACS and WSACS definitions. the improvement was significant, but it remains surprising that basic definitions and guidelines concerning iAP measurement are still not well known throughout the world, more than a decade after the guidelines were first published. this may be a reflection of both undergraduate and post-graduate teaching, and highlights the need to update curricula as new medical research is published.
Only 11% of respondents were not aware of abdominal compliance, with over 88% being aware of and/or using this in clinical practice. the concept of a polycompartment syndrome is relatively new to medical literature and was considered by a large proportion (39%; n = 218). A greater awareness of WSACS was shown (73% vs. 41%; P ≤ 0.0001), and although there are no data to demonstrate increased presence of the subject at scientific meet-ings, there has been an increase in research and publications.
Of interest, surgical practices varied considerably, with the most common techniques of surgical closure following initial laparotomy being the Bogota bag or commercial negative pressure wound devices. these were also the two most common techniques for closure at subsequent laparotomies. the Bogota bag technique still featured frequently and may be an indication of the differences in practices between countries, possibly related to economics. Of concern was the lack of knowledge of the simple surgical technique of lateralisation of the musculature of the abdominal wall. this highlights yet another area for improved education.
Although a crude and subjective measure of exposure and diagnosis of ACS, respondents reported diagnosing ACS more frequently than the previous survey. this may be due to a greater awareness of the condition (as opposed to a change in the patient profile presentations) and even improved access to measurement techniques.
Concerns raised by this survey include the apparent decrease in knowledge related to measurement, criteria for abdominal decompression, and the iAP at which organ dysfunction may occur.
Also, there was an increase in the percentage who did not measure iAP (4% to 18%; P ≤ 0.0001). We explored reasons for not performing these measurements and found that the majority relied on physical examination, despite evidence showing clinical examination as an inaccurate predictor of abdominal pressures [17] . Just over 5% of respondents did not measure iAP because of the cost involved. this is an area that should be explored to determine the cost-effectiveness of identifying patients with iAH or ACS. the response for those that did measure iAP showed that over 90% performed measurements before 60 seconds, something that may lead to inaccurate readings. Furthermore, 37.1% of respondents did not measure iAP in the setting of an open abdomen. While abdominal wall diameter may be increased with an open abdomen, it does not necessarily translate to improved compliance, and hence iAP still remains a potential problem.
Although iAH and ACS are associated with poor outcomes, there is still no convincing evidence that early management of iAH improves patient outcomes. this is a possible reason why clinicians are not following the current iAP/ACS guidelines and should be explored with future research. it was difficult to comment with any certainty on whether participants aware of WSACS identified more cases of ACS than others, as only 26.8% of participants were not aware of WSACS.
Limitations
this survey attempted to incorporate as many countries as possible, but the response rate could not be monitored and surveys are open to selection bias. Representation from those working in paediatric iCUs was small. the survey was relatively long, and we could not capture the rationale behind every practice or experience expressed in the answers. there may have been a bias towards those involved in iAP and ACS research to respond to the survey. However, if this is true, the results may be even more surprising, as we would have expected better results from the knowledge and practice questions.
Future
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